INTRODUCTION {#sec1-1}
============

Metal production tasks are both physically demanding and stressful. The metal workers have been significantly exposed to prolonged hammering and cutting activities in excessive noise and with awkward body postures. Moreover, stressors from heat and humidity, welding fumes and metal dusts often cause excess strain and are reflected in a deterioration of their physical work performance.\[[@ref1]\] Such workers frequently suffer from ache or pain in the musculoskeletal system and do have significantly more diagnosed musculoskeletal diseases.\[[@ref2]\] Accidental exposure to electricity and magnetic field remains an additional factor affecting human body.\[[@ref3]\] Apart from high noise level, poor illumination and a variety of chemical agents, high concentrations of hydrogen fluoride\[[@ref4]\] and polycyclic aromatic hydrocarbons (PAH)\[[@ref5]\] have been the area of primary concern in such operations. Occupational accidents are another point of major concern in such industrial plants.\[[@ref6]\] So far as occupational injuries are concerned, an excess of mortality from accidents (SMR = 1.38) was observed in a mortality study of 6455 French metal plant workers.\[[@ref7]\] However, reports on the aspect of injury occurrence in metal smelting operations are scanty. With this background, the present study was undertaken in a metal smelting industry with the following objectives:

To examine the occurrence of accidents by estimating the accidents according to standard ILO proceduresTo see the nature of accidents as well as to observe the time trendTo examine the role of different factors like age, job duration, education, marital status, body mass index, nature of work etc. in the causation of occupational accidents

MATERIALS AND METHODS {#sec1-2}
=====================

This study was undertaken in a metal smelting industry where analysis of occupational injury records of five years duration was carried out. At the same time, to collect the personal details of the workers, all the workers who have worked in the set up in the study period of five years (January 2000 - December 2004) were interviewed. Thus, data in relation to age, sex, job, level of education, marital status, habits, experience etc. were collected. A total of 220 workers were interviewed.

Accident registers, pay rolls, productivity registers were examined for the study period of five years to collect data in relation to number of accidents, number of employees, amount of lost man-days and amount of working man-hours. Accident incidence rate, accident frequency rate and accident severity rates were calculated as per the guidelines of ILO.\[[@ref8]\] All the rates were calculated for all the five years. Ninety five per cent confidence intervals were calculated\[[@ref9]\] for each calculation of accident incidence rate, frequency rate and severity rate. Incidence rate was calculated as number of accidents per thousand exposed workers. Frequency rate was calculated as number of accidents per million working man-hours and severity rate was calculated as number of lost man-days per thousand working man-hours.

To understand the nature of injury and the consequences of it and also to facilitate the understanding of the cascade of events leading ultimately to injury, every single accident was analyzed according to the type of injury, incident that led to accident, body parts involved and agency or equipment involved. Time trend of the accidents was also examined.

In order to estimate the contribution of different possible factors on accident causation, risk calculation was undertaken in relation to every individual factor. Univariate analysis with the help of Ep Info 5 software was done and odds ratios and corresponding 95 % confidence intervals were calculated.

RESULTS {#sec1-3}
=======

Age wise distribution of workers showed that around 64% of workers were in 30-49 years age range. About 32% subjects were of less than 30 years age and only 4.1% workers were of fifty or more years age. Mean age of the workers was 35.7 ± 7.4 years and mean duration of job was 5.7 ± 1.9 years. So far as body mass index of the workers is concerned, 75.4% were normal whereas 5% and 19.6% workers were having under nutrition and obesity respectively. About sixty five per cent of the subjects were undergraduate while others were educated up to the postgraduate level. Eighty five percent of the workers were married. Forty six percent of the workers had experience of five years or less whereas fifty four percent had more than five years experience. Eighty five percent workers were working in production division and fifteen percent were working in maintenance division. Around twenty nine percent workers were having the habit of smoking / chewing of tobacco-areca nut \[[Table 1](#T1){ref-type="table"}\].

###### 

Personal and occupational characteristics of workers

![](IJOEM-11-103-g001)

[Table 2](#T2){ref-type="table"} describes the distribution of accident incidence, frequency and severity rates over the period of five years. Incidence rate of time loss accidents varies from 40.7 to 85.8 per thousand exposed workers. A decreasing trend was observed in case of time loss accidents except for the year 2004. Similar decreasing trend is also observed in case of distribution of accident frequency rates. Frequency rate for time loss accidents varied from 18.3 to 37.3 per million working man-hours. Severity rate, which is a measure of assessment of harmful effects of occupational accidents on the industry, has varied from 0.19 to 0.34 per thousand working man-hours. A definite trend of decrease was observed in the distribution of severity rate also over a period of first four years.

###### 

Distribution of accident statistics of the workers
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So far as the number of accidents is concerned, a total of 66 time loss accidents have taken place in the study period of five years. These 66 accidents have involved 62 persons. Four persons had two accidents each and 58 persons had one accident each in the study period of five years.

While observing time trend in the occurrence of injuries it was found that a peak has come into existence in the period of May-June \[[Figure 1](#F1){ref-type="fig"}\]. The oct temperature during those months) might have played a role for this more frequent occurrences. Similar distribution of accidents accorcurrence of injuries in increased numbers in these months indicates that some environmental factors (increased ambiending to shifts showed that injuries had taken place in increased numbers during the evening and night shifts than during the day shifts \[[Figure 2](#F2){ref-type="fig"}\]. Time-wise distribution (within the shift) showed increased occurrence in the second half of the working shift \[[Figure 3](#F3){ref-type="fig"}\].
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On individual analysis of accidents according to body parts involved in accidents, it was found that almost 62% accidents have affected the limbs (upper limb 31.8%, lower limb 30.3%). Head and neck have been affected in almost 20% accidents. Trunk affection was in 9.1% of accidents and multiple locations were involved in 9.1% accidents \[[Table 3](#T3){ref-type="table"}\].

###### 

Distribution of accidents according to body parts involved in accidents
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When the accidents were analyzed according to type of injuries \[[Table 4](#T4){ref-type="table"}\], it was found that superficial injuries like cuts, abrasions etc. contributed the highest number of injuries (40.9%). Fracture-dislocation and sprain-strain contributed 22.8% and 15.2% respectively of all the accidents. Concussion and Internal injury occurred in 6.1% cases whereas multiple injuries contributed 7.5% of the accidents.

###### 

Distribution of accidents according to type of injury
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So far as incidents that have occurred during accidents are concerned, the tabulation showed \[[Table 5](#T5){ref-type="table"}\] that about 18% accidents each have been caused by fall of a person and fall of an object. Further, 27.3% and 18.2% of accidents are due to stepping / striking against objects and overexertion / wrong movement respectively. Some accidents (13.6%) have occurred when a person was caught in between objects but the major contributor was stepping / striking against objects.

###### 

Distribution of accidents according to incidents leading to accidents
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On analyzing the accidents in relation to agencies or equipments involved, it was found that tools and machines were the major contributors. Small tools, machines and lifting machines contributed for 36.4%, 28.8% and 10.6% respectively. Workplace environment contributed about 4.5% of total accidents whereas high-risk installations and vehicles contributed for 13.6% and 6.1% accidents respectively \[[Table 6](#T6){ref-type="table"}\].

###### 

Distribution of accidents according to agency involved in accidents
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The risk of accident occurrence in relation to different possible factors of accident causation as calculated by univariate analysis is depicted in [Table 7](#T7){ref-type="table"}. The risk of the factors like age, body mass index, educational status, marital status, personal habit, nature of job etc. was examined. Factors like age \< 30 years (OR, 1.47), smoking/chewing habit (OR, 1.24), obesity (OR, 1.70), working in production (OR, 1.27) were found to have increased risk of accident causation though statistically non-significant. Workers having lesser experience (OR, 2.39: 95% CI, 1.25-4.56) were at increased risk (statistically significant) of accident occurrence.

###### 

Effect of worker characteristics on injury occurrence (univariate analysis)
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DISCUSSIONS {#sec1-4}
===========

Non-ferrous and ferrous metal handling, mining, production of petroleum products etc. has remained on the top of the list of occupations where absenteeism (resulting from disability due to occupational injury and disease) has posed a major problem.\[[@ref10]\] In this present study, incidence rate of accidents has varied from 40.7 to 85.8 per thousand exposed workers. Frequency rate varied from 18.3 to 37.3 per million working man-hours and severity rate has varied from 0.19 to 0.34 per thousand working man-hours. A decreasing trend was observed in case of the values of the accident parameters except for the year 2004. Probably, with time upliftment of safety measures in metal handling industries is taking place, which is being depicted, in the decreasing trend of values of accident indicators. The occurrence of injuries in increased numbers in the summer months indicates that some factors (increased ambient temperature and humidity during those months) might have played a role for this more frequent occurrence. Accidents have taken place in increased numbers in evening and night shifts and within the shift increased occurrence is observed in the second half of the working shift. It was found that almost 62% accidents have affected the limbs (upper limb 31.8%, lower limb 30.3%), superficial injuries like cuts, abrasions etc. contributed the majority of injuries (40.9%), 45.5% of accidents were due to stepping / striking against objects and overexertion / wrong movements and small tools, machines contributed for 65.2% accidents. So far as factors of injury causation is concerned, age \< 30 years, smoking/chewing habit, obesity, working in production were found to have increased risk of accident causation though statistically non-significant. Workers having lesser experience (OR, 2.39: 95% CI, 1.25-4.56) were at increased risk (statistically significant) of accident occurrence.

High incidence of superficial injuries of limbs due mostly to stepping / striking against objects and overexertion / wrong movements of the workers and the frequent association of handling of small tools with work injuries proves the major role of human error in these accidents and indicates the necessity of proper safety training of the workers. This study highlights the need of elevated safety status during summer months and in evening and night shifts (more so in the second half). This study has categorized some high-risk groups e.g. young workers, less-experienced workers, obese workers, workers having smoking / chewing habits etc. These worker groups need special attention so far as workplace safety is concerned. Specific accident-prone jobs / departments have also been identified.
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